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(§) Process for producing expandable polystyrene beads. 

© A process for producing expandable styrene-based based polymer small particles obtained by suspension poly- 
polymer beads comprises adding a low temperature poly- merization in the presence of a blowing agent whose particle 
merization initiator decomposable to half at a temperature of size is unsuitable for use as expandable beads. The resulting 
from 50 to 80°C for a period of 10 hours to an aqueous expandable beads have a desired particle size with a narrow 
medium having suspended therein blowing agent-containing size distribution, 
expandable styrene-based polymer small particles whose 
sizes have been adjusted so as to have a distribution within a 
mean particle size ±20% in a proportion of at least 1/2 the 
amount required for polymerization of a styrene-based mon- 
omer to be added to the system, adding a blowing agent in an 
amount to inhibit expansion of said expandable particles 

^ while the system is heated to a temperature for first stage 

^ polymerization, continuously or intermittently adding thereto 
a styrene-based monomer to which the rest, if any, of said 

|fl low temperature initiator and a high temperature pofymeriza- 

O t'° n initiator that is decomposable to the half at a temperature 
of from 80 to 1 20°C for a period of 1 0 hours have been added, 
adding blowing agent in an amount for desired expansion of 

JJT the resulting expandable beads, effecting first stage poly* 

vQ merization at a temperature from 10°C lower than the dec- 

^ omposition temperature of said low temperature initiator for 

q obtaining a half-line of 10 hours to 20°C higher than said dec- 

w omposition temperature, and subsequently effecting second 

f% stage polymerization at 100 to 150°C. 

in The process makes effective use of expandable styrene- 
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PROCESS FOR PRODUCING EXPANDABLE 
POLYSTYRENE BEADS 

This invention relates to a process for 
producing expandable polystyrene beads having 
narrow particle size distribution with industrial 
advantages. More particularly, it relates- to a process 

5 for producing expandable beads of a homo- or co-polymer of styrene 
having a desired particle size and a narrow particle 
size distribution, which process does not include 
suspension polymerization of styrene-based mono- 
mers in the absence of. a blowing agent but, 

10 instead, utilizes expandable styrene-based polymer 

particles obtained by suspension polymerization in the 
presence of a blowing agent as seed particles . 

Conventional processes for producing expand- 
able styrene-based polymer beads are broadly classified 

1 5 into a process comprising impregnating a blowing agent 
into styrene-based polymer beads previously prepared by 
suspension polymerization and a process comprising 
suspension polymerization of styrene-based monomers in 
the presence of a blowing agent to produce particulate 

20 polymers containing the blowing agent. 
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The first process requires prepaxation of 
styrene-based polymer particles by suspension polymeriza- 
tion in advance. Since the styrene-based polymer 
particles obtained by suspension polymerization have a 
continuous broad particle size distribution of from 
small to large particles r they should be sieved to 
obtain a fraction having a desired narrow particle size 
distribution/ which is then impregnated with a blowing 
agent. Therefore, this process involves an increased 
number of production steps , i.e., the suspension polymeri- 
zation step, the sieving step, and the blowing agent 
impregnation step. 

On the other hand, the second process does not 
involve the previous suspension polymerization 
for obtaining styrene-based polymer particles and the 
impregnation of a blowing agent and thus has an advantage 
of a smaller number of steps required. However, since 
the blowing agent is impregnated into all the produced 
polymer particles having a broad particle size distribu- 
tion, there is a great problem of handling of the blowing 
agent-containing particles having particle sizes unsuit- 
able for use as expandable beads. Mere specifically/ cf 
the expandable particles containing the blowing agent as 
produced by the second process/ those having a particle 
size in the range of from 0.5 to 2.0 mm are most general- 
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ly employed as expandable beads and are put on the 
market as on-specif ication materials/ while those having 
particle sizes out of the above range can find almost no 
market. The incidental production of off-specification 
particles has been a chief cause of increasing the 
production cost of the expandable styrene-based polymer 
beads according to the second process. 

In an attempt to overcome the disadvantages 
of the aforesaid first and second processes , there has 
been proposed a process for producing expandable styrene- 
based polymer beads having a narrow particle size distri- 
bution, which comprises suspending classified small 
particles of a styrene-based polymer containing no blow- 
ing agent in an aqueous medium, quantitatively adding a 
styrene-based monomer having dissolved therein a polymeri- 
zation initiator to the suspension system, conducting 
suspension polymerization until the polymer particles 
grow to a desired particle size, and then impregnating 
a blowing agent into the particles to thereby obtain 
expandable styrene-based polymer beads having a narrow 
particle size distribution, as disclosed in British 
Patent 1,255,237 r West German Patent 1 ,917, 090, Canadian 
Patent 890,46 3 or French Patent 2,005,711 each correspond- 
ing to Japanese Patent Publication No. 2987/71. This 
improved process can produce expandable styrene-based 
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polymer particles having a considerably narrow particle 
size distribution as compared with the conventional 
processes. Nevertheless , there still is a disadvantage 
that fine powdery polymer particles are produced in a small 
proportion, less than about 10%. Further, since this 
process starts with styrene-based polymer particles 
containing no blowing agent which are prepared by suspen- 
sion polymerization followed by classification, the 
number of steps required is so increased. 

Taking into consideration the advantages of 
the above-described second process in terms of number of 
steps involved, it would promise great benefit upon the 
industry to develop a process for converting the blowing 
agent-containing small particles, particularly those 
having a particle size less than 0.5 mm, that are unsuit- 
able for use as expandable beads as obtained by the 
second process into -particles having a size permitting 
of a use as expandable beads f e.g., of from 0.5 to 2.0 mm. 

One object of this invention is to provide a 
process for producing expandable styrene-based polymer 
beads having a suitable particle size with a r.arrc T -; 
distribution starting with blowing agent-containing 
expandable styrene-based polymer particles having a 
small particle size unsuitable for use as expandable 
beads . 
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As a result of extensive investigations, it 
has now been found that the above object can be accom- 
plished by a process comprising suspending blowing agent- 
containing expandable styrene-based polymer small 
particles whose particle size is too small for use as 
expandable styrene-based polymer beads and whose particle 
size distribution has been adjusted within a given range 
in an aqueous medium in a polymerization vessel, supply- 
ing a part of a blowing agent , preferably in the form of 
a gaseous phase, to the reaction vessel* to pressurize 
the reaction system to thereby prevent the expandable 
styrene-based polymer small particles from expanding , 
adding a styrene-based monomer to the system, and 
polymerizing the monomer in two stages of low tempera- 
ture and high temperature in the presence of a blowing 
agent separately supplied, while using a specific low 
temperature polymerization initiator and a specific high 
temperature polymerization initiator under specific 
conditions - 

Thus , the present invention relates to a 
process for producing expandable styrene-based polymer 
beads, which comprises adding a low temperature polymeri- 
zation initiator that is decomposable to the half at a 
temperature of from 50 to 80°C for a period of 10 hours 
to an aqueous medium having suspended therein blowing 
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agent-containing expandable styrene-based* polymer small 
particles whose particle sizes have been adjusted so as 
to have a particle size distribution falling within a 
mean particle size ±20% in a proportion of at least 1/2 
(uo to 100%) the amount required for polymerization of a 
styrene-based monomer to be added to the system, adding 
a blowing, agent to the system in an amount enough to 
inhibit expansion of said expandable styrene-based 
polymer small particles while the system is heated to a 
temperature for first stage polymerization, con- 
tinuously or intermittently adding thereto a 
styrene-based monomer to which the rest, if any, of 
said low temperature polymerization initiator .and a 
high temperature polymerization initiator that is 
decomposable to the half at a temperature of from 80 to 
120°'C for a period of 10 hours have been added, adding 
a blowing agent to the polymerization system in an amount 
required for desired expansion of the resulting expand- 
able styrene-based polymer beads, effecting first stage 
polymerization at a temperature ranging from a tempera- 
ture 10°C lower than the decomposition temperature of 
said low temperature polymerization initiator for obtain- 
ing a half-life of 10 hours to a temperature 20°C higher 
than said decomposition temperature , and subsequently 
effecting second stage polymerization at an elevated 
temperature of from 100 to 150°C* 
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In a preferred embodiment of this invention, 
the blowing agent of the amount enough to inhibit 
expansion of the initially added expandable styrene- 
based polymer small particles is added in the form of 
gas to the space of a polymerization vessel during the 
stage of temperature elevation for the first stage 
polymerization. 

Ac cording to the process of the present inven- 
tion, expandable styrene-based -polymer beads having such 
a narrow particle size distribution that 98% by weight 
or more of the produced particles falls within a desired 
size range, e.g., of from 0.5 to 2.0 mm, can be produced 
easily with a markedly reduced production ratio of 
undesirably fine particles by using expandable styrene- 
based polymer particles containing a blowing agent which 
are unsuitable for use as expandable styrene-based 
polymer beads and whose particle sizes have been 
adjusted to a certain range. 

The small particles of the blowing agent- 
containing expandable styrene-based polymer which can be 
used as seed particles in the present invention should be 
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smaller than the desired expandable styrene-based 
polymer beads as having a particle size of, for example, 
0.5 mm or even smaller, and be adjusted so as to have a 
narrow, particle size distribution falling within a mean 
particle size ±20%. If the particle size distribution 
of the seed particles is broader than the above range, 
the resulting expandable styrene-based polymer particles 
would have an undesirably broad particle size distribu- 
tion. Such small particles of expandable styrene-based 
polymer containing a blowing agent may be obtained by 
classification of the expandable styrene-based polymer 
particles as produced by the aforementioned second 
conventional process as well as any other processes such 
as the process of the present invention. 

The polymerization initiator to be used in the 
present invention comprises a combination of low tempera- 
ture polymerization initiators whose decomposition 
temperature for obtaining a half -life of 10 hours ranges 
from SO to 80°C and high temperature polymerization 
initiators whose decomposition temperature for obtaining 
a half -life of 10 hours ranges from 80 to 120°C. 

The low temperature polymerization ir.itiatcrs 
include those soluble in styrene-based monomers , such as 
lauroyl peroxide (decomposition temperature for obtaining 
a half-life of 10 hours, hereinafter the same = 62°C) , 
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azobisisobutyronitrile (63°C) , t- butyl peroxy-2-ethyl- 
hexanoate (72.5°C). and benzoyl peroxide (74°C). 

The low temperature polymerization initiator 
is first added to the reaction system in an amount of 
from 50 to 100%, and preferably from 85 to 100%, based 
on the amount required for polymerization of a styrene- 
based monomer, and the rest, if any, is added to the 
system as an admixture with a styrene-based monomer. 
The low temperature polymerization initiator may be 
either liquid or powderous, with the latter being prefer- 
red. When a liquid low temperature polymerization 
initiator is used, it is desirable to stir the aqueous 
medium during the addition and immediately disperse the 
system to form an emulsion because the liquid polymeriza- 
tion initiator, when -added without stirring, dissolves 
the styrene-based polymer particles suspended in the 
medium to form agglomerates. 

The high temperature polymerization initiators 
to be used are those soluble in styrene-based monomers, 
such as cyclohexanone peroxide (97°C) , t-butyl peroxy- 
benzcate (104°C), dicumyl peroxide (117°C) , and the like. 
These high temperature polymerization initiators are 
supplied to the polymerization system as an admixture 
with a styrene-based monomer. 
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Both the low and high temperature polymeriza- 
tion initiators may be used individually or in combina- 
tion of two or more thereof/ respectively. The amount 
of the low temperature polymerization initiator (s) to be 
used ranges from 0.01 to 1.0%, and preferably from 0.1 
to 0.6%, by weight based on the styrene-based monomer 
(that is, styrene or a monomer mixture mainly comprising 
styrene). The amount of the high temperature polymeri- 

zation initiator (s) to be used ranges from 0.01 to 1.0%, 
and preferably from 0.05 to 0.5%, by weight on the same 
basis. If the amount of the low temperature polymeriza- 
tion initiator to be added to the aqueous medium is less 
than 1/2 the amount required for polymerization of the 
styrene-based monomer, the production proportion of 
expandable polymer particles finer than expected becomes 
large. The amount of the polymerization initiator 
required for polymerization of the styrene-based monomer 
is appropriately selected from the above-recited range 
so that the resulting expandable particles may have a 
molecular weight most suitable for expansion moldability, 
the desired degree of expansion, and the like. 

The blowing agent to be added to the reaction 
system is divided into two portions; one added during 
temperature elevation for the first stage polymerization 
in the form either of liquid or gas (the gaseous form is 



0234705 



preferred) in such an amount enough to inhibit expansion 
of the expandable styrene-based polymer small particles 
suspended in the medium; and the other added in the form 
of liquid after addition of the styrene-based monomer in 
5 such an amount required for expansion of the finally 
produced expandable styrene-based polymer particles . 

The addition of the first portion of the blow- 
ing agent aims to maintain the pressure of the polymeri- 
zation reaction system at a level equal to or higher 

10 than the partial pressure of the blowing agent present 
in the expandable styrene-based polymer small particles 
suspended in the aqueous medium to thereby prevent the 
expandable small particles from expansion through eleva- 
tion of temperature. In cases of using a liquid blowing 

15 agent, its amount ranges from 5 to 15% by weight based 

on the suspended small particles. On the other hand, in 
cases of feeding the gaseous blowing agent to the gaseous 
phase of the reaction system, its amount to be fed ranges 
from 3 to 15 g per liter oif the space (gaseous phase) of 

20 the reaction vessel. If the amount of the blowing agent 
to be added as the first portion is. too small, the 
expandable small particles suspended in the aqueous 
medium cannot be prevented from expansion induced by 
temperature rise for suspension polymerization. As a 

25 result, the reaction system undergoes coagulation during 
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polymerization, failing to provide expandable styrene- 
based polymer beads. On the contrary, excessive amounts 
of the blowing agent cause formation of agglomerates or 
fine particles. From theoretical considerations, the 
liquid or gaseous blowing agent is added to the polymeri- 
zation vessel by the time when the temperature of the 
system reaches a glass transition temperature (Tg} of 
the polymer of the expandable styrene-based polymer 
particles. The Tg of a styrene homopolymer is 103°C, 
while an apparent Tg decreases in proportion to the 
content of the blowing agent contained therein. In 
carrying out the present invention, therefore, the 
first portion of the blowing agent is added in the 
course of temperature elevation for the first stage 
polymerization, and preferably at the point when the 
temperature of the polymerization system reaches a range 
of from about 40 to about 60°C. 

Addition of the gaseous blowing agent to the 
space of the polymerization vessel is preferred to addi- 
tion of the liquid blowing agent not only because the 
production ratio of fine powdery polymer particles can 
be decreased but also because adhesion cf the produced 
polymer onto inner walls of the vessel can be reduced* 

The rest of the blowing agent , i.e., the second 
portion, is added to the polymerization system at an 
appropriate stage after addition of a styrene-based 
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monomer, i.e., from before the commencement of the first 
stage polymerization reaction to the initial stage of 
the second stage polymerization reaction. The amount of 
the blowing agent to be added here is determined so that 
the finally obtained expandable ' styrene-based polymer 
beads contain from 2 to 10% by weight of the blowing 
agent. 

Various kinds of blowing agents can be used 
throughout the process of the present invention. The 
blowing agent present in the seed styrene-based polymer 
particles, that added to the system as the first portion, 
and that added as the second portion may be the same or 
different from each other. Specific examples of usable 
blowing agents include aliphatic hydrocarbons, e.g., 
propane, butane, pentane, etc.; alicyclic hydrocarbons, 
e.g., cyclobutane, cyclopentane , etc.; halogenated 
hydrocarbons, e.g., methyl chloride, dichlorodif luoro- 
me thane, etc.; and so on. 

The styrene-based monomers which can be used 
in this invention include styrene monomer as well as 
monomer mixtures comprising styrene as a main component, 
and small proportions of ccpolymericable monomers. 
Examples of the copolymerizable monomers are a-methyl- 
styrene,- divinylbenzene , acrylonitrile , esters of acrylic 
acid or methacrylic acid with alcohols having up to 8 
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carbon atoms (e.g., methyl methacrylate, ethyl acrylate) 
monomethyl maleate, monomethyl fumarate, dimethyl 

maleate, monoethyl itaconate, etc. 

The blowing agent-containing expandable 
styrene-based polymer small particles are suspended in 
an aqueous medium with the aid of a suspension stabi- 
lizer. Examples of the suspension stabilizers to be 
used include organic compounds, e.g., polyvinyl- 
pyrrolidone, gelatin, carboxymethyl cellulose, a hydroxy- 
alkyl cellulose, and inorganic compounds, e.g., 

a calcium or magnesium salt of phosphoric acid or 
carbonic acid, with the inorganic compounds being 

preferred. The most preferred among them is a combina- 
tion of calcium tertiary phosphate and sodium dodecyl- 
benzenesulfonate as an anionic surface active agent. 

The present invention will now be illustrated 
in greater detail with reference to the following illustrative 
examples, comparative examples, and reference examples, 
wherein percentages are by weight unless otherwise indicated. 

In the drawing, the simple figure is a schematic 
cross-section of a polymerization vessel used in examples 

and comparative examples and described in Example 5. 

EXAMPLE 1 

In a 3 liter volume polymerization vessel were 
charged 1 ,000 g of pure water, 5.0 g of calcium tertiary 
phosphate, 2.0 g of a 1% aqueous solution of sodium 
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dodecylbenzenesulfonate, 165 g of expandable styrene 
polymer particles containing 5,98% of butane as a blow- 
ing agent which had been adjusted to a particle size 
between 0,37 mm and 0.5 mm, and 3.3 g of benzoyl peroxide 
5 which corresponded to 100% based on the amount required 
for polymerization of a styrene monomer/ and the mixture 
was stirred at 400 rpm to prepare a uniform dispersion. 

The dispersion was heated up to 85 °C while 
stirring. When the temperature reached 40°C, liquid 
10 butane was fed thereto in an amount of 12.9 g which 
corresponded to 7.5% based on the expandable styrene 
polymer particles. When the temperature reached 85°C, 
the system was kept at that temperature for 7 hours . 
In the meantime, a solution of 1.65 g of .t-butyl peroxy 
15 benzoate and 16.5 g of cyclohexane in 825 g of styrene 
monomer was continuously fed to the system at a rate of 
168.63 g per hour over a period of 5 hours starting from 
the point when the temperature reached 85 °C. After 
completion of the styrene solution feed, liquid butane 
20 was added thereto in an amount of 79 g which corresponded 
to 8% based on the total weight of the expandable styrene 
polymer particles and the styrene monomer. The polymeri- 
zation system was then heated from 85°C up to 110°C over a 
period of 1.5 hours and kept at that temperature for 4 
25 hours to complete the polymerization. 
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After completion of the polymerization/ the 
reaction mixture was cooled , and water, was removed there- . 
from* Drying of the residue gave expandable styrene poly- 
mer beads. The particle size distribution, appearance, 
and volatile content (content of the blowing agent) of 
the resulting expandable styrene polymer beads are shown 
in Table 1. 

The expandable styrene polymer beads were steam 
pre-expanded at a temperature of 98 °C and at a steam pres- 
sure of 1.0 kg/cm 2 . The density of the resulting pre- 
expanded beads is shown in Table 1. The pre-expanded 
styrene polymer beads were packed in a cavity of a mold 
(100 mm x 10Q mm * 200 mm) and steam molded at a steam pres- 
sure of 0.7 kg/cm 2 for 20 seconds. The surface quality of 
the resulting expansion molded product is also shown in 
Table 1. 

EXAMPLE 2 

The procedure of Example 1 was repeated except 
that the expandable styrene polymer particles as seed parti- 
cles contained 5.63% of pentane as a blowing agent and that 
instead of butane used as a blowing agent in Example 1 pentane 
was used in the same amount as that of butane in both 
the first and the second portions . The resulting expandable 
styrene polymer beads were pre-expanded and steam molded in 
the same manner as in Example 1, and evaluations were made 
in the same manner as in Example 1. The results obtained 
are shown in Table 1 . 
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' EXAMPLE 3 

In a 3 liter volume polymerization vessel were 
charged 1 ,000 g of pure water, 5.0 g of calcium tertiary 
phosphate, 2.0 g of a 1% aqueous solution of sodium 
dodecylbenzenesulfonate, 300 g of expandable styrene 
polymer particles containing 5.44% of pentane as a blow- 
ing agent which had been adjusted to a particle size 
between 1.24 mm and 1.45 mm, and 2.4 g of benzoyl 
peroxide which corresponded to 100% based on the amount 
required for polymerization of a styrene monomer, and 
the mixture was stirred at 400 rpm to prepare a uniform 
suspension. 

The suspension was heated up to 85° C while 
stirring. In the meantime, when the temperature reached 
40°C, liquid pentane was added thereto in an amount of 
30 g which corresponded to 10% based on the expandable 
styrene polymer particles. When the temperature reached 
85°C, the system was kept at that temperature for 5 hours. 
In the meantime, a solution of 1.2 g of t-butyl peroxy 
benzoate and 12.0 g of cyclohexane in 600 g of styrene 
monomer was continuously fed to the system at' a rate of 
153.3 g/hr over a period of 4 hours starting from the 
point when the temperature reached: 85°C. After the 
addition of the styrene solution, the same procedure 
as in Example 1 was followed. The results obtained are 
shown in Table 1 . 
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EXAMPLE 4 

The procedure of Example 1. was repeated except 
that the expandable styrene polymer particles contained 
2.18% of butane as a blowing agent and that the first 
portion of butane was added when the liquid temperature 
reached 60 °C- Thp results obtained are shown in Table 1. 

COMPARATIVE EXAMPLE 1 
The procedure of Example 1 was repeated except 
that the f irst portion of the blowing agent was not added 
during temperature elevation- The expandable styrene 
polymer particles began to expand before the temperature 
of the system reached 85 °C, and normal expandable styrene 
polymer beads could not be produced even by adding a 
styrene monomer, 

COMPARATIVE EXAMPLE 2 
The procedure of Example 1 was repeated except 
that the amount of the liquid butane to be added as the 
first portion was changed to 4-5% based on the expandable 
styrene polymer particles suspended in the system. 
Similarly to Comparative Example l r the expandable 
styrene polymer particles began to expand before the 
temperature of the system reached 85°C, and normal 
expandable styrene polymer beads could not be obtained 
even if a styrene monomer was added. 
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REFERENCE EXAMPLE 1 
The procedure of Example 1 was repeated except 
that no blowing agent was added after the addition of 
the styrene solution. Evaluations were made on the 
resulting expandable styrene polymer beads, pre-expanded 
beads, and expansion molded product in the same manner 
as in Example 1 . The results are shown in Table 1 below. 
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EXAMPLE ; 5 

The following procedure was performed uaing a 3 
liter volume polymerization vessel (1) having lid (1') 
shown in the accompanying drawing which was equipped with 
stirrer (4), pipe for feeding blowing agent (5), pipe for 
feeding styrene (6), drainage pipe (8) , heating jacket (9) 
and thermometer (10) . The vessel was charged with 1,000 g 
of pure water, 5.0 g of calcium tertiary phosphate, 
2.0 g of a 1% aqueous solution of sodium dodecylbenzene- 
sulfonate, 165 g of expandable styrene polymer particles 
(3) containing 6.13% of butane as a blowing agent which 
had been adjusted to a particle size between 0.37 mm and 
0.5 mm, and 3.3 g of benzoyl peroxide which corresponded 
to 100% based on the amount required for polymerization 
of a styrene monomer, followed by stirring at 400 rpm 
to prepare uniform dispersion (2). 

Dispersion (2) was heated, and when the 
temperature reached 40°C, gaseous buterie was fed to 
space (7) of the vessel in an amount of 14 g which 
corresponded to 7,5 g per liter of the space through 
pipe (5). The heating was further continued up to a 
temperature cf 85°C / at which the system was kept for 
7 hours. In the meantime, a solution of 1.65 g of t- 
butyl peroxy benzoate and 16.5 g of cyclohexane in 8 25 g 
of styrene monomer was continuously added at a rate of 
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first portion was changed to 28 g which corresponded to 
15 g per liter of the space of the vessei. The results 
obtained are shown in Table 2. 

EXAMPLE 7 

The procedure of Example 5 was repeated except 
that the amount of the gaseous butane to be added as the 
first portion was changed to 5,6 g which corresponded to 
3 g per liter of the space of the vessel. The results 
obtained are shown in Table 2. 

EXAMPLE 8 

The procedure of Example 5 was repeated except 
that the starting expandable styrene polymer particles 
contained 5.74% of pentane as a blowing agent and that in- 
stead of butane used as a blowing agent in Example 5 was 
used pentane in the same amount as that of butane in both 
the first and the second portions. The results obtained 
are shown in Table 2. 

EXAMPLE 9 

The procedure .of Example 5 was repeated except 
that expandable styrene polymer particles containing 2.38% 
of butane as a blowing agent were used and that the first 
portion of butane (7.5 g/£) was added when the temperature 
of the system reached 60 °C. The results obtained are 
shown in Table 2. 
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168.63 g/hr over a period of 5 hours from the time when 
the temperature of the system reached ffS 0 'C. 

• After the addition of the styrene solution, 
liquid butane was added to the polymerization system in 
an amount of 79 g which corresponded to 8% based on the 
total weight of the expandable styrene polymer particles 
and the styrene monomer. The reaction mixture was 
heated from 85°C up to 110°C over a period of 1.5 hours 
and kept at that temperature for 4 hours to complete the 
polymerization. 

After completion of the polymerization, the 
reaction mixture was cooled, and water was removed 
therefrom. Drying of the residue gave expandable 
styrene polymer beads. Evaluations on the resulting 
beads were made in the same manner as ih Example 1 . 
Adhesion of the produced polymer onto the inner wall of 
the vessel was also examined. These results are shown 
in Table 2. 

The resulting expandable styrene polymer 
beads were steam pre-expanded, and the pre-expanded 
beads were steam molded in the same manner as in Example 
1 . The density of the pre-expanded beads and surface 
quality of the molded product are also shown in Table 2. 

EXAMPLE 6 

The procedure of Example 5 was repeated except 
that the amount of the gaseous butane to be added as the 
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COMPARATIVE EXAMPLE 3 
The procedure of Example 5 was repeated except 
that the amount of the gaseous butane to be added as the 
first portion was changed to 4.6 g which corresponded to 
2.5 g/Z of the space of the vessel or to 2.75% of the 
expandable styrene polymer particles. In this case, the 
seed polymer particles began to expand before the temper- 
ature of the system reached the temperature for the first 
stage polymerization/ resulting in coagulation of the 
reaction system. Even when a styrene monomer was added , 
normal expandable styrene polymer beads could not be 
obtained. 

REFERENCE EXAMPLE 2 
The procedure of Example 5 was repeated except 
that S 25 g of styrene monomer was replaced with a monomer 
mixture comprising 6.19 g of styrene monomer and 206 g 
of methyl methacrylate to produce expandable styrene- 
based copolymer beads. The results obtained are shown 
in TeLble 2. 
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EXAMPLE 10 

The procedure of Example 1 was repeated except 
that 3.3 g of the benzoyl peroxide was divided into a 
2.97 g portion which corresponded to 90% based on the 
amount required for polymerization of a styrene monomer 
and a 0.33 g portion which corresponded to 10% based on 
the amount required for polymerization of a styrene mono- 
mer and the first portion was charged in the polymeriza- 
tion vessel, with the second portion being added to the 
styrene solution. The resulting expandable styrene poly- 
mer beads were pre-expanded and steam molded in the same 
manner as .in Example 1, and evaluations were made in the 
same manner as in Example 1. Adhesion of the produced 
polymer onto the inner wall of the vessel was also examined. 
The results obtained are shown in Table 3. 

EXAMPLE 11 

The procedure of Example 1 was repeated except 
that 3.3 g of the benzoyl peroxide was divided into a 
1.82 g portion which corresponded to 55% based on the 
amount required for polymerization of a styrene monomer 
and a 1.48 g portion which corresponded to 45% based on the 
amount required for polymerization of a styrene monomer and 
the first portion was charged in the polymerization vessel, 
with the second portion being added to the styrene solu- 
tion. The resulting expandable styrene polymer beads were 
pre-expanded and steam molded in the same manner as in 
Example 1, and evaluations were made in the same manner as 
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in Example 1. Adhesion of the produced polymer onto the 
inner wall of the vessel was also examined. The results 
obtained are shown in Table 3. . _ 

' TABLE 3 

Examole Examole 

1Q ii 



•Expandable Styrene Polymer Beads: 
Particle Size Distribution (%) 



>1.50 


JTJtt 


1.8 


2.3 


1 .50 * 0.50 


nun 


95.5 


93.4 


<0.50 


mm 


2.7 


4.3 


Appearance 




Normal 


Normal 


Volatile Content (%) 




6.5 


6.4 


Adhesion of Polymer onto Inner 
Wall of Vessel 




Observed 


Observed 


Density of Pre-Expanded Beads 
(g/A) 




16 


17 


Surface Quality of Expansion 
Molded Product 




Good 


Good 



As described above, the process of the present 
invention makes it possible to easily produce excellent 
expandable styrene-based polymer beads having a desired 
particle size with a narrow particle size distribution by 
utilizing expandable st^rer-e -based pclyner particles unsuit- 
able for use as expandable styrene-based polymer beads 
that are produced by the conventional process comprising 
suspension polymerization of a styrene-based monomer in 
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the presence of a blowing agent (i.e., the aforesaid 
second process). Thus, the above-described second 
conventional process can be carried out with great 
industrial advantages. 
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Claims 

1 . A process for producing expandable styrene- 
based polymer beads, which comprises adding a low temper- 
ature polymerization initiator that is decomposable to 
the half at a temperature of from 50 to 80°C for a period 
5 of 10 hours to an aqueous medium having suspended therein 
belowing agent-containing expandable styrene-based 
polymer small particles whose particle sizes have been 
adjusted so as to have a particle size distribution fall- 
ing within a mean particle size ±20% in a proportion of 

10 at least 1/2 the amount required for polymerization of a 
styrene-based monomer to be added to the system, adding 
a blowing agent to the system in an amount enough to 
inhibit expansion of said expandable styrene-based 
polymer small particles while the system is heated to a 

15 temperature for first stage polymerization; continuous- 
ly or intermittently adding thereto a styrene- 
based monomer to which the rest, if any, of said 
* low temperature polymerization initiator and a 
high temperature polymerization initiator that is 

20 decomposable to the half at a temperature of from 80 to 
120°C for a period cf 10 hours have been added, adding 
a blowing agent to the polymerization system in an amount 
required for desired expansion of the resulting expand- 
able styrene-based polymer beads, effecting first stage 
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polymerization at a temperature ranging from a tempera- 
ture 10°C lower than the decomposition temperature of 
said low temperature polymerization initiator for 
obtaining a half-life of 10 hours to a temperature 20°C 
higher than said decomposition temperature, and subse- 
quently effecting second stage polymerization at an 
elevated temperature of from 100 to 150 °C. 

2. A process as in Claim 1, wherein said 
blowing agent in the amount enough to inhibit expansion 
of the expandable styrene-based polymer small particles 
is added when the temperature of the system is between 
40°C and €0°C. 

3- A process as in Claim 1 or 2, wherein said 
amount of the blowing agent enough to inhibit expansion 
of the expandable styrene-based polymer small particles 
is from 5 to 15% by weight based on said small particles. 

4. A process as in Claim 1, 2 or 3, wherein the 
amount of the blowing agent required for desired expan- 
sion of the resulting expandable styrene-based polymer 
beads is such that the resulting expandable styrene- 
based polymer beads contain from 2 to 10% by weight of 
the blowing agent. 

5. A process as in any of Claims 1 to 4, wherein said 
blowing agent in the amount enough to inhibit expansion 

of the expandable styrene-based polymer small particles 
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is added in a gaseous form to the space of a polymerization 
vessel. » 

6. A process as in Claim 5, wherein said amount 
of the blowing agent enough to inhibit expansion of the 

5 expandable styrene-based polymer small particles is from 3 
to 15 g per liter of the space of the polymerization vessel, 

7. A process as in any preceding claim wherein 
the proportion of the initially added low temperature 
polymerization initiator in the amount required for 

10 polymerization of the styrene-based monomer is from 85 to 
100%. 

8. A process as in any of Claims 1 to 7, wherein 
said low temperature polymerization initiator is benzoyl 
peroxide. 

15 9. A process as in any "of Claims 1 to 7, wherein 

said high temperature polymerization initiator is t-butyl 
peroxybenzoate . 
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